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TITLE OF THE INVENTION 
REFLECTOR FORMED WITH HIGHLY RELIABLE CONDUCTIVE 
PATTERN, PROCESS FOR FABRICATING REFLECTOR AND LIQUID 
CRYSTAL DISPLAY UNIT USING THE SAME 

FIELD OF THE INVENTION 

This invention relates to a liquid crystal display unit and, more 
particularly, to a liquid crystal display unit with a reflector, the reflector and a 
process for producing the reflector. 

DESCRIPTION OF THE RELATED ART 

The liquid crystal display unit is broken down into a liquid crystal panel, a 
driving circuit and a light source. Liquid crystal is sealed in the liquid crystal 
panel, and the driving circuit makes the liquid crystal panel partially vary the 
transparency of the liquid crystal. Light is radiated from the light source 
through the liquid crystal panel, and the transmitted light produces images on 
the liquid crystal panel. Thus, the light source is an important element of the 
liquid crystal display unit. 

The light source includes a lamp, an optical guide plate, a reflector and a 
power supply cable. The optical guide plate is registry with the liquid crystal 
panel, and the lamp is opposed to a side surface of the optical guide plate. 
The lamp is encircled with the reflector. When the electric power is supplied 
through the power supply cable to the lamp, the light is radiated from the 
lamp. The light is partially incident onto the side surface of the optical guide 
plate. Most of the remaining light is radiated toward the reflector, and is 
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reflected from the reflector toward the optical guide plate. The incident light 
is propagated through the optical guide, and the liquid crystal panel, i.e., the 
array of pixels is uniformly illuminated by the optical guide plate. 

Figure 1 shows a typical example of the prior art liquid crystal unit. The 
prior art liquid crystal display unit largely comprises a light source 1, a liquid 
crystal panel 5 and a circuit board 6. The driving circuit is integrated on the 
circuit board 6, and the circuit board 6 is attached to a side surface of the 
liquid crystal panel 5. The light source 1 is assembled with the liquid crystal 
panel 5, and the liquid crystal panel 5, the light source 1 and the circuit board 
6 are accommodated in a suitable housing (not shown). 

The light source 1 includes a reflector 2, a power supply cable 3, an 
oplical guide plate 4 and a lamp 10. The optical guide plate 4 is as wide as 
the liquid crystal panel 5, and has a light output surface. The light output 
surface is opposed to the back surface of the liquid crystal panel, and the 
reflector is attached to the side portion of the optical guide plate 4. The 
reflector has a reflecting surface, which defines a space together with the side 
surface of the optical guide plate 4. The lamp 10 has a column shape, and is 
provided in the space. The power supply cable 3 is connected to the lamp 10, 
and electric power is supplied through the power supply cable 3 to the lamp 
10. 

The lamp 10 has the column shape, and electrodes are formed on both end 
surfaces of the lamp 10. The reflector 2 is as long as the lamp 10 (see figure 
2), and has a channel shape. The upper/ lower plate portions project from the 
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upper/ lower ends of the vertical plate portion 2a. The lamp 10 is located 
between the upper plate portion and the lower plate portion, and the 
electrodes are exposed to both ends of the space defined therebetween. The 
power supply cable has a high voltage line 3a, a low voltage line 3b and a 
round cable 32. Though not shown in figures 1 to 3, the high voltage line 3a 
and the low voltage line 3b are connected to an electric power source. The 
high voltage line 3a is directly connected to the electrode, and the low voltage 
line 3b is connected through the round cable 32 to the other electrode. The 
round cable 32 is as long as the reflector 2, and is provided on the vertical 
plate portion 2a. The round cable 32 has a circular cross section, and the 
diameter ranges from 0.5 millimeter to 1.0 millimeter as shown in figure 3. 

A problem is encountered in that wide space is occupied by the prior art 
light source. This is because of the fact that the round cable used for 
connecting the low voltage line 3b to the electrode of the lamp 10. The round 
cable per se occupies the wide space, and requires additional space between 
the round cable and another component part. 

A flexible flat cable was proposed. Figures 4 and 5 show another prior art 
light source 1. The prior art light source also includes a reflector, a lamp and 
a power supply cable 32. The reflector and the lamp are similar to those of 
the prior art light source shown in figures 1 to 3, and are labeled with the 
same references. The power supply cable 32 includes the high voltage line 3a, 
the low voltage line 3b and a flexible flat cable 33. The high voltage line 3a 
and the low voltage line are also connected to an electric power source (not 



shown). The high voltage line 3a is directly connected to the electrode of the 
lamp 10, and the low voltage line 3b is connected through the flexible flat 
cable 33 to the other electrode of the lamp 10. The flexible flat cable 33 is 
fixed to the vertical portion 2a of the reflector 2 by means of adhesive 
compound 34. The flexible flat cable 33 is 0.2 millimeter thick, and the 
adhesive compound layer 34 is of the order of 0.1 millimeter thick. The total 
thickness is of the order of 0.3 millimeter. Thus, the space occupied by the 
interconnecting cable is reduced by virtue of the flexible flat cable 33. 

Research and development efforts are being made on a compact liquid 
crystal display panel with wide image production area. This technical goal is 
to be achieved by reducing the frame area, i.e., the peripheral area around the 
image production area. The interconnecting cables 32/ 33 are positioned 
under the frame area, and, accordingly, have non- ignoreable influence on the 
frame area. Although the usage of the flexible flat cable 33 results in a fairly 
narrow frame area, the total thickness of 0.3 millimeter is too far from the 
goal. 

A thin interconnection is proposed in Japanese Patent Publication of 
Unexamined Application No. 10-206847. Figure 6 shows the prior art liquid 
crystal display unit disclosed therein. The circuit board 6 is provided on one 
side portion of the liquid crystal display panel 5, and the optical guide plate 4 
is overlapped with the liquid crystal display panel 5 and the circuit board 6. 
A light source 35 is provided on one side of the optical guide plate 4, and also 
includes a reflector 2, a lamp 10 and a power supply cable 35. A space is 



defined by the reflector 2 and the optical guide plate 4, and the lamp 10 is 
provided in the space. Electric power is supplied from an electric power 
source through the power supply cable to the lamp 10. The high voltage line 
(not shown), the low voltage line (not shown) and an interconnection 36 form 
the power supply cable 35. The interconnection 36 is implemented by a thin 
conductive layer deposited on the outer surface of the reflector through an 
evaporation technique. The interconnection 36 ranges from 0.0005 millimeter 
thick to 0.001 millimeter thick. The interconnection 36 is drastically reduced 
in thickness, and makes the frame area narrow. 

The interconnection 36 is conducive to the reduction of the frame area. 
However, the interconnection 36 deposited through the evaporation technique 
is less reliable. Disconnection, cracks and peel-off are liable to take place 
after the completion of the liquid crystal display panel. The disconnection, 
cracks and peel-off are due to thermal stress or other external force exerted on 
the extremely thin interconnection. Not only the light but also heat is 
radiated from the lamp 10, and the heat raises the temperature of the reflector 
2. The difference in thermal expansion coefficient between the reflector and 
the interconnection 36 gives rise to the thermal stress, and the extremely thin 
interconnection can not withstand the thermal stress. When mechanical force 
is undesirably exerted on the reflector 2, the reflector 2 is deformed, and the 
extremely thin interconnection can not withstand the deformation. 

Another problem inherent in the prior art interconnection 36 is high 
production cost. The evaporation system is expensive, and the throughput is 



not large. The extremely thin interconnection is deposited through the 
expensive evaporation system at a low throughput. This results in the high 
production cost. 

SUMMARY OF THE INVENTION 

It is therefore an important object of the present invention to provide a 
reflector on which a durable thin interconnection is formed. 

It is also an important object of the present invention to provide a process 
for economically producing the reflector. 

It is another important object of the present invention to provide a liquid 
crystal display unit equipped with the reflector. 

To accomplish the object, the present invention proposes to solidify a layer 
of conductive filler printed on a reflector for producing a conductive pattern. 

In accordance with one aspect of the present invention, there is provided a 
reflector comprising a body formed of insulating resin and having an outer 
surface and an inner surface defining a space open to an object to which a 
light is to be directed, and a conductive pattern printed on the outer surface 
for supplying an electric power to a light source placed in the space. 

In accordance with another aspect of the present invention, there is 
provided a liquid crystal display unit for producing an image comprising a 
liquid crystal panel having an incident surface and an image producing 
surface, a driving circuit connected to the liquid crystal panel and varying the 
transparency of a part of the liquid crystal panel so as to transmit a light from 
the incident surface to the image producing surface through the part, and a 



light source illuminating the light incident surface with the light and 
including a lamp having electrodes and generating the light propagated along 
an optical path to the liquid crystal panel, a power supply cable having a 
conductive pattern and voltage application lines directly connected to one of 
the electrodes and connected through the conductive pattern to the other of 
the electrodes and a reflector formed of an insulating resin and having an 
outer surface where the conductive pattern is printed and an inner surface 
defining a space accommodating the lamp and open to the optical path for 
directing the light to the optical path. 

In accordance with yet another aspect of the present invention, there is 
provided a process for producing a reflector comprising the steps of a) 
forming an insulating member from a first synthetic resin, b) printing a 
conductive filler on a surface of the insulating member, and c) solidifying the 
conductive filler on the surface for producing a conductive pattern. 

BR IFF DESCRIPTION OF THE DRAWINGS 
The features and advantages of the reflector, the process and the liquid 
crystal display unit equipped with the reflector will be more clearly 
understood from the following description taken in conjunction with the 
accompanying drawings in which: 

Fig. 1 is a perspective view showing the structure of the prior art liquid 
crystal display unit; 

Fig. 2 is a perspective view showing the component parts of the prior art 
light source; 



Fig. 3 is a cross sectional view taken along line B-B of figure 2 and 
showing the structure of the prior art light source; 

Fig. 4 is a perspective view showing the component parts of the prior art 
light source; 

Fig. 5 is a cross sectional view taken along line C-C of figure 4 and 
showing the structure of the prior art light source; 

Fig. 6 is a schematic cross sectional view showing the structure of the 
prior art liquid crystal display unit disclosed in Japanese Patent Publication of 
Unexamined Application No. 10-206847; 

Fig. 7 is a perspective view showing the structure of a light source 
according to the present invention in disassembled state; 

Fig. 8 is a cross sectional view taken along line A-A of figure 7 and 
showing the structure of the light source; 

Fig. 9 is a schematic cross sectional view showing the structure of a liquid 
crystal display unit according to the present invention; 

Fig. 10 is a schematic view showing the structure of an extrusion molding 
machine used in a process according to the present invention; 

Fig. 11 is a schematic view showing the structure of the extrusion molding 
machine used in another process according to the present invention; 

Fig. 12 is a cross sectional view showing another reflector according to the 
present invention; and 

Fig. 13 is a perspective view showing the structure of yet another reflector 
according to the present invention. 



DESCRIPTION OF THF, PREFERRED EMBODIMENTS 
First Embodiment 
Reflector 

Referring to figures 7 and 8 of the drawings, a light source 1 embodying 
the present invention comprises a reflector 2, a light source 10, a power 
supply cable 38 and an optical guide plate 4 (see figure 9). The lamp 10 is 
placed in an inner space defined in the reflector 2, and electric power is 
supplied from an electric power source (not shown) through the power supply 
cable 38 to the lamp 10. When the lamp 10 is energized, light is radiated 
from the lamp 10, and part of the light is reflected on the inner surface of the 
reflector 2 so as to be directed toward the optical guide plate 4. 

The reflector 2 has a channel shape, and is broken down into a vertical 
plate portion 2a, a relatively short upper plate portion projecting from the 
upper edge of the vertical plate portion 2a and a relatively long lower plate 
portion projecting from the lower edge of the vertical plate portion 2a. The 
inner space is defined between the relatively short upper plate portion and the 
relatively long lower plate portion. The reflector 2 is formed of thermoplastic 
resin such as, for example, polyethylene terephthalate resin. Polycarbonate 
resin may be used for the reflector 2. These kinds of resin are insulating 
material, and do not ally electric current to flow therethrough. 

A conductive pattern 31 is formed on the vertical plate portion 2a. The 
conductive pattern 31 straightly extends from one end of the reflector 2 to the 
other end. In other words, the conductive pattern 31 is formed along the 



shortest path in a longitudinal direction of the reflector 2. As described 
hereinbefore, the reflector 2 is formed of the insulating material, and, 
accordingly, any leakage current flows from the conductive pattern 31 
through the reflector 2. The conductive pattern 31 may be screen printed on 
the vertical plate portion 2a of the reflector 2. 

The conductive pattern 31 is formed of thermosetting resin, and is of the 
order of 0.03 millimeter thick. The thermosetting resin is flexible, and the 
cracks are less liable to take place in the conductive pattern 31 by virtue of 
the large flexibility. Moreover, the conductive pattern 31 is fairly thick. 
Although the conductive pattern 31 is thicker than the prior art conductive 
pattern 36 between 0.0005 millimeter thick to 0.001 millimeter thick, the 
conductive pattern 31 is thinner than the round cable 10 ranging between 0.5 
millimeter thick and 1.0 millimeter thick and the flexible flat cable/ adhesive 
compound layer 33/ 34 of 0.2 millimeter thick plus 0.1 millimeter thick. The 
large thickness renders the conductive pattern 31 withstanding the thermal 
stress, and the disconnection is less liable to take place. 

The thermosetting resin is formed from a layer of conductive filler, which 
is screen printed on the vertical plate portion 2a. The conductive filler may 
be modified copolymerized polyester mixed with silver (Ag) and carbon (C). 
The thermosetting resin is large in adhesion to the polyethylane terephthalate 
resin, and the flexibility is large. For this reason, even though the thermal 
stress is exerted on the reflector 2, the conductive pattern 31 hardly peels off 
from the reflector 2. 
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The lamp 10 has a column shape, and a pair of electrodes 11/ 12 is formed 
on the end surfaces of the lamp 10. The electrode 11 is formed on one end 
surface of the lamp 10, and high voltage is applied to the electrode 11. The 
other electrode 12 is formed on the other end surface of the lamp 10, and low 
voltage is applied through the conductive pattern 31 to the electrode 12. The 
lamp 10 is supported by the reflector 2 by means of a suitable retainer (not 
shown). 
Liquid Crystal Display Unit 
Turning to figure 9 of the drawings, the light source 1 is incorporated in a 
liquid crystal display unit. The liquid crystal display unit further comprises a 
liquid crystal panel 5 and a circuit board 6. A driving circuit is integrated on 
the circuit board 6. The circuit board 6 is provided along a side line of the 
liquid crystal panel 5, and is connected to the liquid crystal panel 5. The 
optical guide plate 4 is overlapped with the liquid crystal panel 5 and the 
circuit board 6. Thus, the liquid crystal panel 5, the circuit board 6 and the 
light source 1 are assembled together, and are accommodated in a case 40. 

When the lamp 10 is energized, light is radiated from the lamp 10 to the 
optical guide plate 4, and part of the light is reflected on the inner surface of 
the reflector 2. The reflected light is also incident onto the side surface of the 
optical guide plate 4. The light is propagated through the optical guide plate 
4, and is output from the upper surface of the optical guide plate 4. Thus, the 
liquid crystal panel 5 is illuminated with the light. The driving circuit 
supplies an image-carrying signal and the scanning signal to data electrodes 
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and scanning electrodes of the liquid crystal panel 5, and the transparency of 
the liquid crystal is partially changed. As a result, the light passes the 
transparent portions of the liquid crystal panel 5, and an image is produced on 
the liquid crystal panel 5. 

While the driving circuit is producing the image on the liquid crystal panel 
5, not only light but also heat is radiated toward the reflector 2, and the heat 
raises the temperature of the reflector 2. The heat is causative of the thermal 
stress. However, the conductive pattern 31 is thick enough to withstand the 
thermal stress. For this reason, the disconnection and the cracks are less 
liable to take place in the conductive pattern 31. 

The image is produced on an image producing area of the liquid crystal 
panel 5. The liquid crystal panel 5 is exposed to a central area of the case 40. 
However, the peripheral area of the case is not available for the image 
production. As described hereinbefore, the low voltage is applied through the 
conductive pattern 31 to the electrode 12 of the lamp 10, and the conductive 
pattern 31 is of the order of 0.03 millimeter thick. This means that the 
manufacturer designs the case 40 in such a manner as to make the side plate 
40a close to the reflector 2. The case 40 is compact. However, the image 
producing area is not reduced. Thus, the light source 1 according to the 
present invention is conducive to the compact liquid crystal display unit 
without sacrifice of the image production area. 
Process 
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Description is firstly made on a process for producing the reflector 2. A 
manufacturing machine is used in the process. The manufacturing system is 
broken down into an extrusion molding machine 40, a printing machine 50, a 
cutting machine 55 and a thermosetting unit (not shown). The extrusion 
molding machine 40 produces a channel bar 59 from raw material, and the 
conductive pattern 31 is formed on the channel bar 59 by means of the 
printing machine 50. The channel bar 59 is cut into plural short channel bar 
2a by means of the cutting machine 55, and the reflector 2 are obtained 
through the thermosetting unit (not shown). 

The extrusion molding machine 40 includes a heating cylinder 41, a 
hopper 42, a screw (not shown), an electric motor 43, a die nozzle 44, a 
forming die 45 and a cooling vessel 46. The hopper 42 is attached to the 
heating cylinder 41, and the row material is supplied through the hopper 42 
into the inner space of the heating cylinder 41. The raw material is heated so 
as to be softened. The screw (not shown) is provided in the inner space, and 
is driven for rotation by means of the electric motor 43. The soft material is 
pushed out through the die nozzle 44, and a bar 60 is pushed out. The bar 60 
is shaped into the channel bar 59 by means of the forming die 45, and is 
cooled in the cooling vessel 46 for solidifying the channel bar 59. Thus, the 
channel bar 59 is output from the cooling vessel 46. 

The printing machine 50 includes a dispenser 51. The conductive filler is 
supplied through a tube 52 to the dispenser 51, and the conductive filler 31a 
is printed on the vertical plate portion of the channel bar 59. The cutting 
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machine 55 includes a driving roller 56 and a cutting blade 57. The driving 
roller 56 moves the channel bar 59 toward the cutting machine 55, and the 
channel bar 59 is cut into plural short channel bars 2a by means of the cutting 
blade 57. The short channel bars 2a are conveyed to the thermosetting unit 
(not shown), and the printed layers of conductive filler 31a are cured in the 
thermosetting unit (not shown). Thus, the reflector 2 with the conductive 
pattern 31 is continuously manufactured. 

In the process described hereinbefore, the conductive filler is printed on 
the vertical plate portion of the channel bar 59 after the cooling step. 
However, the conductive filler may be printed on the vertical plate portion of 
the bar 60 before the cooling step as shown in figure 11. The bar 59 is hot. 
When the conductive filler is printed on the hot bar 60, the conductive filler is 
partially solidified through the heat exchange between the hot bar 60 and the 
conductive filler. This results in enhancement of adhesion between the 
reflector 2 and the conductive pattern 31. 

As will be appreciated from the foregoing description, the conductive 
filler is printed on the reflector 2, and the layer of conductive filler is 
thermally cured. The printing technique is suitable to give the appropriate 
thickness to the conductive pattern 31. Thus, the reflector 2 with the 
conductive pattern 31 is produced through the process described hereinbefore. 
The printing technique does not require a long time, and is rather economical 
than the evaporation. The throughput is improved, and the production cost is 
surely reduced. 



14 



Moreover, the channel bar 59 with the layer of conductive filler is 
continuously produced through the manufacturing system at high speed. The 
throughput is further improved, and the production cost is drastically reduced. 

Finally, the conductive filler is printed by using the dispenser 51. The 
dispenser 51 shapes the conductive filler in a stripe on the channel bar 59. 
For this reason, any mask is required for the printing stage. 
Second Embodiment 

Turning to figure 12 of the drawings, another reflector 2c embodying the 
present invention is formed with a groove elongated in the longitudinal 
direction thereof. The groove is formed in the vertical plate portion 2a of the 
reflector 2c, and is of the order of 0.03 millimeter deep. The conductive filler 
is printed on the bottom surface of the groove, and is solidified through the 
thermosetting. The conductive pattern 31 is perfectly embedded in the 
vertical portion of the reflector 2c, and is coplanar with the surface of the 
vertical plate portion 2a. Using the reflector 2c, the liquid crystal display unit 
is further made compact. The groove may be formed in the channel bar 
through a forming die. 

As will be appreciated from the foregoing description, the conductive 
pattern 31 is printed on the reflector 2, and the printing technique gives an 
appropriate thickness to the conductive pattern 31. Although the thermal 
stress is exerted on the conductive pattern 31, the thick conductive pattern 31 
withstands the thermal stress, and is free from the disconnection and cracks. 
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The reflector 2 and the conductive pattern 31 are respectively formed of 
conductive thermosetting resin and insulating thermoplastic resin, and the 
conductive thermosetting resin exhibits good adhesion to the insulating 
thermoplastic resin. Moreover, the conductive thermosetting resin is flexible. 
For this reason, the conductive pattern 31 is hardly separated from the 
reflector 2. Thus, the conductive pattern 31 is free from the peel-off. 

The conductive pattern 31 is expected to achieve large resistance against 
the thermal stress as well as the narrow occupation space. From this aspect, 
the thickness of the conductive pattern is fallen within a certain range. The 
good adhesion between the thin conductive pattern 31 and the reflector 2 is 
resulted from the thermosetting resin and the thermoplastic resin in the above- 
described embodiments. The other combinations of the materials are 
available for them. 

Although particular embodiments of the present invention have been shown 
and described, it will be apparent to those skilled in the art that various 
changes and modifications may be made without departing from the spirit and 
scope of the present invention. 

A multiple conductive pattern 31b, i.e., plural conductive stripes may be 
formed on the vertical plate portion 2a in parallel to one another as shown in 
figure 13. In this instance, even if disconnection takes place in one of the 
plural conductive stripes, the other conductive stripes propagate the low 
voltage from the low voltage line 3b to the electrode 12. Thus, the multiple 
conductive pattern enhances the reliability of the interconnection 31. 
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The conductive filler may be printed on the vertical plate portion 2a 
through a mask by using a squeegee as popular in the screen printing. 

A reflector according to the present invention may be used in another 
optical device such as a lighting device. 
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